IT was earlier reported (Dickens and Jones, 1963 ) that parasorbic acid, the naturally occurring lactone of 5-hydroxy-2-hexenoic acid, induced local sarcomas in 8 of 11 rats after its repeated subcutaneous injection in doses of 0*2-2-0 mg. This finding, which was quite consistent with our similar series of observations on the carcinogenicity of other acf-unsaturated lactones, led us (Dickens, Jones and Waynforth, 1966) to investigate the effect of multiple injections into the rat of sorbic acid-an antifungal material very widely used as a preservative in the food industry and therefore one which could reasonably be required to be free of any suspicion of carcinogenic activity. Sorbic acid (trans-trans-2,4-hexadienoic acid) is chemically simply derived from parasorbic acid by acid or alkali treatment, which causes opening of the 6-membered lactone ring of parasorbic acid accompanied by the loss of the elements of water from the intermediately formed 5-hydroxy-2-hexenoic acid. Since the use for commercial production of sorbic acid of the catalytic condensation of crotonaldehyde and ketene (Hagemeyer, 1949) , this material has been available cheaply and in quantity. Both the free acid and its salts, particularly the potassium and calcium salts which have also found wide use as food preservatives, are the subject of British Standards Institution specifications of purity (British Standard, 1967, No. 4234 and 4233 respectively). They are now used as food additives in some 14 countries and are variously added to cheese, fishpastes, " delicatessen ", margarine, preserved egg, fruit pulp and jams, non-alcoholic drinks, wine, dried fruits, pickles, confectionery and bread (Luck, 1968 In view of these facts, our finding of a tumorigenic effect of subcutaneous injection of sorbic acid into rats needed confirmation, particularly as it was based on a group of only 6 rats each of which received twice weekly for 65 weeks a subcutaneous injection of 2 mg. sorbic acid in 0 5 ml. arachis oil. Of the 5 survivors, local sarcomata developed in 4 at the injection site after 82 weeks and in the fifth rat after 102 weeks. These tumours were all histologically malignant, although one tumour which was judged non-malignant on histological grounds arose in this series in 1 of 6 control rats injected with the same oil solvent alone (Dickens et al., 1966) .
Our earlier tests also included a group of 6 rats which received 10 mg. sorbic acid/lOOml. neutralized with sodium bicarbonate in their drinking water for periods up to 64 weeks, but at the end of that time only one rat (which had ingested a total of 2 g. sorbic acid) survived and no tumours were observed in any of these rats (Dickens et al., 1966) . This survival was insufficient for a clear-cut result.
In the present paper we report the results of further series of similar tests using samples of sorbic acid or its potassium salt obtained from two different commercial sources.
EXPERIMENTAL

Materials
Sorbic The potassium salt is freely soluble in cold water and therefore could be dissolved directly in water either for injection, or in the drinking water in those experiments in which it was given in this way. The free acid is only sparingly soluble in cold water and fine crystals slowly appeared in the aqueous solution used for injection purposes. Where arachis oil (B.P.) was used as solvent, the free acid was dissolved by warming for a few minutes under the hot-water tap (500 C.).
Animal experiments
Twice-weekly subcutaneous injections were made into the right flank of groups of either 6 or 12 male rats for a total period of 56 to 60 weeks. The solvent was water for both samples (c and d) of potassium sorbate and also for sorbic acid sample a; in each instance 2 mg. substance/0.5 ml. water at each injection. Sorbic acid (b) was injected at the same dosage but in arachis oil. In addition, 12 rats received 0 5 ml. arachis oil twice weekly as controls on the solvent.
For oral administration only potassium sorbate, sample c, was tested, 6 rats receiving 0 1 % added to all their food (ground-up cubes of standard rat cake diet no. 86, North Eastern Agricultural Co-operative Society, Aberdeen) while a further 6 rats had 0 3 % dissolved in their drinking water throughout the experiment. These animals underwent laparotomy under ether anaesthesia at the 65th week of experiment, when no liver tumours were detected, and continued on the same regime for up to 100 weeks or when all the animals had died.
At death or at the termination of all the experiments all animals were carefully examined post mortem, with histological examination where appropriate as described by Dickens and Jones (1961) .
RESULTS
Injection experiments
Of the 12 control rats injected twice weekly for 57 weeks with 0 5 ml. oil alone, 9 survived more than a year, 7 for 1 years, 5 for 95 weeks, and 3 for over 2 years (Table I ). In none of these animals was any tumour detected, either locally or distant. The incidence of spontaneous tumours in our closed colony of Wistar rats has consistently been extremely low over many years, and in previously reported prolonged control injections with arachis oil we have also found only a very low incidence of local tumours (Dickens et al., 1966, p. 140) .
Subcutaneous injection of sorbic acid (sample a) in water into 6 rats resulted in local tumours in 2 rats at 54 and 66 weeks respectively, all 6 rats being dead by the 78th week. Histological evaluation of these tumours showed them to be typical fibrosarcomata having interlacing bundles of fusiform cells lying in a collagen matrix, though this was of greatly varying density between the 2 tumours. In the tumour appearing at 54 weeks very few mitoses were apparent while these were abundant in the second tumour at 66 weeks ( Fig. 1 ), associated also with the occasional presence of large binucleate cells. This same sample of sorbic acid dissolved in arachis oil had given local malignant tumours in 5 of 6 rats at 82-102 weeks (Dickens et al., 1966) . Sorbic acid (sample b) in oil solution similarly injected into 12 rats gave no local tumours at all in spite of satisfactory periods of survival in this series (Table I) .
Potassium sorbate from both manufacturers was injected (Table I) in aqueous solution into either 6 rats (sample c) or 12 rats (sample d). One rat injected with sample d showed an abnormal bilateral macroscopic appearance of the testes which, on histological examination were both found to have an interstitial cell tumour. The connection between the tumour and the injection of potassium sorbate (sample d) was thought not to be close. A few rats injected with potassium sorbate (c) showed the presence at post mortem of small inflammatory liver lesions, as described below, but these were non-neoplastic.
Oral administration
Two further groups of 6 rats each were maintained for 60 weeks with constant oral addition of potassium sorbate, sample c, either to their food or in their drinking water (see Materials, above) . Both food and drink were readily consumed by the rats and their survival and general condition (Table I) was also satisfactory, especially those given the material in their drink (5/6 animals survived over 12 years).
Neither at an exploratory laparotomy at 65 weeks, nor at the end of the experiment was any special pathological feature detected in the animals fed potassium sorbate and in those given this substance in their drinking water the only abnormal FiG. 1.-Actively proliferating fibrosarcoma from the injection site of a male rat treated subcutaneously with 2 mg. Sorbic acid in water twice a week for 56 weeks. x 400.
finding was the presence of scattered small whitish nodules on the surface of the liver in several of these rats. Histological examination confirmed that in no instance were these lesions neoplastic and they were evidently small inflammatory lesions only. No tumours were detected post mortem in any of the animals in either group.
DISCUSSION
The twice-weekly subcutaneous injection for more than a year of 0-5 ml. quantities of arachis oil into 12 rats gave no tumours in this series, in agreement with our earlier solvent control experiments Dickens et al., 1966) .
One rat with a neoplastic condition of the testes, possibly of spontaneous origin, was seen in the group injected with potassium sorbate (sample d) dissolved in 0-5 ml. water. No other tumours, either local or distant were observed in this group or in rats injected with another sample (c) of the same compound.
In our previous experiments (Dickens et al., 1966) we reported the production of local sarcomata in 5 of 6 surviving rats which had been injected subcutaneously with repeated 2 mg. doses of a particular commercial specimen of free sorbic acid (sample a) dissolved in 0*5 ml. arachis oil. Sufficient of.this particular batch of sorbic acid remained for the repetition of this experiment under similar conditions except that water (0.5 ml.) was used instead of arachis oil as the injection medium. The result, reported above, showed that of 4 survivors after 54 weeks1 rat had developed a local subcutaneous tumour and a second tumour appeared in 1 of the 2 remaining survivors at 66 weeks, both tumours being histologically typical fibrosarcomata.
Since this material (a) had been stored in the laboratory for some 3 years, it was possible that some decomposition might have occurred during this period. Consequently for the present work a fresh batch (sample b) of pure sorbic acid of the quality supplied for food preservation was obtained from a second commercial source. On injection of 2 mg. samples of this material twice weekly for a prolonged period as a solution in 0 5 ml. arachis oil, no tumours appeared in any of 12 rats so treated.
Sorbic acid is chemically not a particularly stable compound, since it possesses 2 conjugated double bonds which very slowly undergo atmospheric oxidation, especially in solution at elevated temperatures (Marx and Sabalitscka, 1963a,b) On the other hand, sample a has produced tumours in rats after its subcutaneous injection either in oil (Dickens et al., 1966) or in water (the present work). Sample b on the contrary has now been shown by us to give no tumours when injected in oil into 12 rats under closely similar conditions of experiment. A recent report on Hoechst A.G. sorbic acid has also shown no tumours after its repeated injection into mice as the solution in arachis oil (Gericke, 1968) .
We are unable to explain the reasons underlying this difference in biological behaviour of sorbic acid samples a and b, and it appears to us rather unlikely that the differences in chemical purity could be sufficient to account for the marked difference in tumorigenicity/observed by us. However, in view of the considerable disquiet produced by our earlier experience with this material, which is so widely used in food preservation, we thought it desirable to put the present results on record at once. A consideration favourable to the use of certain of these products is the fact that we have observed only one, possibly unrelated, tumour following the injection of potassium sorbate (2 different commercial samples, c and d) and no tumours after the addition of the former material (sample d was not tested in this way) to either the food or drink of the rats. Whether or not this fact is related to the much higher solubility in water (58.2 % at 200 C.) of the potassium salt compared with that of sorbic acid itself (0-25 % at 300 C.), we are unable to say. SUMMARY 1. Two different commercial samples of sorbic acid, and also 2 of potassium sorbate, have been tested for carcinogenic activity by their repeated subcutaneous injection as 2 mg. doses into rats.
2. One sample of sorbic acid (a) which had been previously shown by us (Dickens et al., 1966) to induce subcutaneous tumours after its injection in oil was again found to induce fibrosarcomata, in 2 of 6 rats, when it was injected in water.
3. A further sample of sorbic acid (b), supplied by Farbwerke Hoechst, A.G. as used in the food industry as a preservative, gave no tumours in any of 12 rats after its repeated subcutaneous injection in oil solution.
4. Two samples of commercial potassium sorbate failed to induce local tumours after their repeated subcutaneous injection in aqueous solution into rats. One distant testicular tumour however was observed, but the significance of this was felt to be questionable.
5. One of these samples of potassium sorbate did not induce any tumours either when fed continuously to rats (1 % in their food) or when dissolved in their drinking water (0.3 %) throughout the experiment. The other sample was not tested in this way. 6. As only trifling chemical or physical differences were detected between samples a and b of sorbic acid, no explanation is available of the marked difference in their biological behaviour in these tests.
